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A  liEVlliW  OF  THE  LITERATURE. 


Until  a  few  years  afo  the  netabolisin  of  the  elements  caiciara  and  ohos- 
phorous  had  been  stuuied  quite  extensively,  hut  without  any  startling  results. 
The  studies  on  calcium  v.ere  unaertaKen  mainly  irora  the  clinical  interest  in 
such  diseases  as  tetany  ana  rickets,  and  conditions  such  as  malnutrition, 
fasting  and  parathyroiaectomy »  Studies  on  phosphorous  were  stimulated  by  a 
Droaaer  interest  due  to  the  fact  that  this  element  so  freqxiently  aopears  in 
tne  aiet  in  co;abination  v/ith  fats  such  as  lecithin,  and  with  nroteins  such 
as  casein, vitellin  an^  nucleic  acid.  This  interest  vas  still  further  broaden- 
ed by  the  biological  fact  that  casein  the  chief  orotein  of  railk,the  food  of 
infant  rnaranals,  ana  vitellin  tne  chief  protein  of  etTfcvs,  are  both  phosphor- 
ized  proteins.  It  was  from  this  latter  fact  that  the  interesting  .isoussion 
arose  as  i')    the  relative  merits  of  organic  versus  inorganic  comoomnas  of 
phosphorous  for  ti.e  bouy's  metabolism.  In  both' cases  the  phosohorous  itself, 
sofar  as  is  knovm,  is  present  mostly  in  the  comTDletely  oxidized  form  of 
phosphoric  acia,  differing  only  in  its  chemical  relationships.  ?he  question 
to  be  Einsvered  vms   whether  organic  and  inorganic  phosohorous  compounds 
could  serve  equallly  well  all  the  conditions  ;.if  life.  In  other  words  were 
they  equally  useful  for  all  the  purposes  for  v/hich  the  bouy  needs  phosphorous. 

v;.f^.-rall  1)  in  18^6  aopears  to  have  beon  the  first  to  have 
in/estifected  this  question.  He  concluaea  from  his  work  that  the  organically 
bouna  phosphorous  was  jiore  easily  assiailateu.  than  the  inorganically  bound 
phosphorouE.Lp  to  the  year  l^oy  all  the  investigators  of  tue  question  had 
come  to  -oractica.ly  trie  same  conclusion.  In  that  ye;:r  art,  Vc'^ollur.  and 
Fuller  i'd)    published  tne  results  of  tneir  v/ork  showing  t^iat  hogs  died  on  low 
ohosphorous  rati  ns  but  surriTed  i£  calcium  ^osohate  was  aadsd.  In   th"  same 
year  IcC Hum  published  .T)  his  ■•:,uclein  Jyntnesis  Jn  The  Animal  Body", show- 
ing that  the  inorgainc  ohosonates  suffice  for  all  nutrit.v«  needs  of  the  body. 


This  paper  .ale  reported   tiie  first  successful  jirovrth  oxperinienta  with  a 
food  supply  which  was  considered  at  that  tiir.e  as  essentially  a  mixture  of  purified 
food  stuffs, everyone  of  which  could  be  named.  VcColluj.'i  had  been  working  on  the 
problem  of  the  successful  feeding  of  simplified  diets  of  carbohydrates,  fats, 
proteins,  and  salts.  He  apparently  had  obtained  success  by  the  introduction  of  a 
variety  of  food  stuffs  into  the  diet.  Thus  the  protein  used  vms  edestin  from  hemp 
sedd  and  zein  from  maize;  starch  vms  obtained  from  corn  and  wheat;  sugar  from 
lactose,  glucose  and  saccharosej, fat  from  butter  and  bacon  and  also  cholesterol; 
and  the  inorganic  phosphate  was  tri -calcium  phosphate. On  this  diet  his  anin.als 
lived,  but  when  his  work  was  repeated  by  Osborne  and  l.endel  (4)  ti.eir  results 
v.ere  contradictory,  f.  cColliim  bega  to  reinvestigate  the  problem  to  find  xrhat   had 
caused  the  diversity  of  results.  As  will  be  shown  below  it  was  from  this  vrork   of 
his  that  the  existence  of'Fat-Soluble  a"  became  established. 

In  the  mean  tiir.e  Stepp  in  1909  published  his  vrai'k.  IJice  fed  on  diets  extracted 
v^ith  either  and  chloroform  died  within  thirty  days,  whereas  controls  fed  on  the  same 
without  the  either  and  chloroform  extraction  v/ere  living  agter  a  period  of  six 
weeks.  He  also  v/orked  vrith  pigeons  and  finally  concluded  that  onl,-  certain  lipins 
were  necessary  to  supplement  successfully  a  diet  of  purified  food  substances  of 
the  hitherto  recognized  group  of  f(«ods.  (E). 

f 6) Later  Osborne  and  Mendel  reported  their  preparation  of  protein  free 
I;  ilk  and  of  obtaining  successful  growths  with  its  use.  >iopi:ins  found  bhat  he  (7) 
could  obtain  gro.  ths  \itth   diets  i.itherto  unsuccessful  by  i;he  sin.ple  addition  of 
a  few  cc  of  !:.ilk.  For  five  years  the  interpretations  of  these  results  remained 
vague  and  obscure.  In  1914  I.:cCollu:n  and  his  co-v.-orkers  demonstrated  that  growth  in 
all  of  these  experiments   .Yas  due  to  the  prescnosai  '  in  the  diet   in  addition 
to  the  carbohydrate,  fat,  protein  and  salts,  of  two  orga  ic  food  substances,  wliich 
Leir.g  still  unknown,  were  called  ">-'at-soluble  y."  and  "V/ater-soluble  D".  (8). 

The  former  had  been  present  i:.  the  butter  fat  and  *  he  latter  had  been  present  as 


an  impurity  in  the  lactose  of  the  diet  used  by  '^•cColliun  in  the  above  describe  d 
experiment,  Osborne  and  l-endel  had  used  another  kind  of  fat  v.'hich  was  lacking  in  the 
the  grovrth  promoting  vita:iiin  and  their  sugar  did  not  contain  Water  soluble  ii. 
This  in  brief  Ja   he  history  of  the  discovery  of  Fat  soluble  h. 

The  history  of  the  vitamin  associated  vd.th  the  disease  of  rickets 
dates  back  to  the  vrork  of  i.'.ellanby  (9)  .published  in  1919,  le  used  tv/o  hundred  pups 
in  his  investigatio'  of  the  importance  of  diet  in  the  production  of  rickets, 
he  based  his  diagnosis  upon  the  x-ray,  the  calcium  estimation  of  the  bones 

and  the  histological  exainination. 

ne  vrorked  with  the  follov/ing  four  diets,  any  one  of  wliich  vrould 

produce  rickets :- 

(1)  iTnole  milk  175  cc,  oatn.eal,  rice,  and  1/2  gram  ImCl, 

(2)  liThole  milk  175  cc,  bread  ad  lib. 

(3)  Separated  'ilk  250-350  cc,  bread  70  ^i  wheaten  ad  lib.,  linseed  oil 

5-15  cc,  yeast  5-10  grams,  orange  juice  5  cc ,  KaCl  1/2  gran. 

(4)  Separated  milk  175  cc,  bread  70  grams  ad  lib.,  linseed  oil  10  cc  , 

yeast  10  grams,  ilaCl  1  to  2  grans, 

Y/ith  diet  number  one  he  found  that  the  addition  of  500  cc  of  whole  milk 

would  prevent  the  development  of  rickets.  'Yith  number  two  le  found  that 

the  addition  6f   meats  or  their  watery  or  alcoholic  extracts  prevents 

rickets,  i'he  use  of  malt,  orange  juice,  and  yeat  we  e  not  important  in 

the  protection  of  he  dogs  against  rickets.  However  with  fats  he  found  that 

their  protective  effects  v/ere  graded  with  cod  liver  oil  as  the  best  and 

linseed  oil  the  poorest. 

ne  concluded  that  rickets  w.is  a  d4ficiency  disease  developing  ir. 

consequence  of  the  absence  of  some  accessory  food  factor  or  factors.  Of  tlie 

then  knovm  accessory  food  factors,  the  results  with  yeast  and  orange  juice 
the  lacjc  of 

showed  that/water  soluble  ^   and  ajitiscorbutic  substances  could  be  olir.inated 
as  a  cause.  On  the  other  hand  the  antiracfitic  factor  was  found  to  be 


A' 


to  be  distributed  similarly  ho  fat  soluble  -..  However  he  noted  several  points 
against  tlie  same  distribution,  Tlius  rickets  develops  best  in  rapidly  growing 
animals  and  as  McColliiir.  had  sho-kvn  Fat  soluble  A  is  a  growth  promoting  substarice, 

so  that  it  would  be  paradoxical  to  say  tliat  it  was  absent,  iilso  he  noted  that 

presence  of 
the/varying  amounts  of  antirachitic  substance  in  vegetable  oils  was  against  the 

same  distribution*  iJevertheless  he  was  still  inclined  to  identify  the  fat  sol- 
uble A,  or  some  substance  having  a  si.milar  distribution,  as  the  specific 
anti-rachitic  substance,  bis  most  striking  point  was  the  de-;onstration  of  the 
protective  function  of  butter  fat  and  cod  liver  oil  against  a  rickets  like 

disease  found  in  growing  pups. 
(10) 
According  to  Trousseau^thea  use  of  cod  liver  oil  in  rickets  dates 

back  to  Bretonneau,who  used  it  first  in  1829,  The  first  to  theorize  upon  its 

(12)' 
action  was  Jacobi,  vfho  in  1898  suggested  that  the  effect  of  cod  liver  oil 

m.ight  be  explained  by  attributing  to  it  a  per  centage,  tho  ever  so  sm.all,of 

some  organic  tissue  juice  of  a  nature  and  efficacy  comparable  with  t' at  of 

(13} 
the  thyroid  gai  giand.  The  experiences  of  Schabad  m  1909  and  1910  led  him 

to  conclude  that  altho  phosphorous  exerted  no  influence  upon  calcium  retention 

in  normal  children,  yet  w'^en  combined  vri'h   cod  liver  oil,  i-^  favoured  calcium 

retention  i^  the  rachitic  child. 

For  a  while  the  experimental  data  of  i-iellanby  was  accepted  without 

(14) 
clinical  challenge.  In  1920  ^^ess  and  ^nger  published  their  results  in  w:  ich 

they  showed  that  children  fed  on  skim  ilk  powder  together  v;ith  cane  sugar, 

and 
orange  juice,  yeast  and  cotton  seed  oil  grew  fairly  well/without  the  develop- 
ment of  rickets.  Their  conclusions  were  erroneous  due  to  the  fact  that  their 
ski  milk  powder  v/as  not  free  from  Fat  soluble  A.(15/,  In  spite  of  their 
previous  oEperimental  data  on  the  therapeutic  value  of  cod  liver  oil  (16)  they 
concluded  from  subsequent  studies  on  light  rays  that  rickets  was  duo  mostly 
to  such  unhygienic  factors  as  the  absence  of  sunlight. 


The  whole  subject  was  by  now  in  a  rather  confused  stite.  jo  one  had  been 
able  to  separate  the  anti  rachitic  subs'-Ai>c3  from  Put  soluble  A,  and  still  Fat 

soluble  A  was  not  able  to  prevent  or  cure  rickets.  At  this  point  K.'cColluni  and  his 
co-vvorkors  decided  to  investifate  b'<  --.   rrobi  em  from  a  new  noitit  of  view  and  by 
another  method.  They  kept  all  their  experimental  animals  in  one  room  so  that 
hygftinic  factors  v.'ould  play  an  unimportant  role,  and  they  systematically  varied  t:ie 
the  diet  v/ith  respect  to  one  or  more  factors.  The  diagMOsis  of  rickets  v/as 
always  confirmed  by  a  histological  examination  at  autopsy. 

'^rom  t'leir  experience  with  extensive  studies  of  nutri':ion  problems  v/ith 

a  large  rat  colony,  '.]\ey  were  already  in  possession  of  the  knowledge  that  certain 
animals  Y/-hose  diets  Avere  faulty  in  one  or  noi-e  respects,  developed  a  condition 
which  presented  the  gross  appearance  of  rickets.  Early  t.iey  showed  that  when  the 

diet  was  satisfactory  in  every  respect  except  for  a  deficiincy  of  calcium,  the  content 
of  phosphorous  and  of  Fat  soluble  A  being  near  the  optimal,  changes  take  place 
in  the  skeleton  which  bear  a  fundamental  resemblance  to  rickets.  The  same  diet  with  t 
the  addition  of  calcium  carbonate  produced  no  lesions.  The  presence  of  as  little 
as  one  per  cent  of  cod  liver  oil  in  this  c  Iciun  deficieiit  diet  \Tould  prevent 
"he  formation  of  lesiins.  Butter  fat  in  as  large  a  quanity  as  tv/enty  per  cent 
v.ould  not  protect  the  animal  againsn  the  condition  produced  by  this  diet.  Diets 
satisfactory  in  every  respect  save  for  a  deficiency  of  Fat  soluble  A  produce 
pathological  lesions,  but  neither  a  lack  of  Ftx':   soluble  a   nor  of  cod  liver  oil 
can  by  themselves  cause  rickets.  Vfith  diets  deficient  in  phosphorous  and  free 
from  the  anti  rachitic  substance,  young  rats  v;ill  have  skeletons  which  bear 

'  fundamental  resemblaces  to  rickets.  They  thus  concluded  that  three  factors  operate 
iri  the  etiology  of  rickets-  the  content  of  calciiun,  of  phosphorous,  and  of 
vitamins,  in  tne  ^iet. 

Studying  these  throe  factors  more  closely  '  cCollu::;  and  his  co  vrorkere 
concluded  that  the  ratio  oet^veen  the  concentration  of  c  IciiiJii  and  phosphorous 

in  the  diet  may,  within  certain  limits,  be  of  greater  importance  than  the  abso- 
lute amounts  of  these  substances  which  the  diet  contains,  and  in  the  light  of 


this  important  discovery  t'ley  were  a  le  to  put  a  very  different  interpre'-ation 
upon  the  findings  of  Sherman  and  pappenhoimer.  Tliese  authors  had  thought  that 
the  production  of  rickety  in  their  experiment  had  been  due  to  the  deficiency  of 
phosp  orous.  Due  to  the  above  vrork  of  McC  Huni  it  is  now  thought  to  have  been 
due  to  an  unfavortible  ratio  betv/een  the  calcixun  and  phosphorous  in  the  absence 
of  a  sufficient  ainount  of  the  organic  factor  v/hich  plays  a  role  in  the  produc- 
tion of  the  syndrome. 

V/orking  along  these  lines  it  was  sho\vn  by  ,  u..iu.!'i  ■xn'^    .rair.er  that  the 
blood  seriun  of  normal  children  and  of  rachitic  children  possess  es  the  same 
anount  of  calcium,  v/hereas  the  amount  of  phosphorous  showed  marked  variations 
in  health  and  disease,  -hey  found  that  the  adiainis';ration  of  cod  liver  oil 
to  cjiildren  v;ith  a  lowered  content  of  phosphorous  in  their  serum  caused  the  amount 
ajiount  of  phosphorous  to  increase  to  its  normal  figure.  It  was,  therefore, 
suggestive  that  the  increased  concentration  of  phosphorous  in  the  serum  may 
be  the  cause  of  the  resumption  iii   the  dspositibn  or  calcium'  ohosphatW''"' 
in  the  lent  ron-d  of  animals  sui'ferin^  from  "ricKets. 

Prom  the  above  work  it  v/as  no  longer  doubted  that  cod  liver  oil  v/as 
efficacious  in  rickets.  However  the  nature  of  the  active  principle  in  the 
oil  remained  unknovm.  ■'■t  had  been  stated  that  the  fat  soluble  A  content  of 
eod  liver  oil  was  responsible  for  its  beneficial  effect.  -cCollum  had  already 
published  certain  evidence  \vhicli  led  him  to  believe  that  the  protection 
against  rickets  which  cod  liver  oil  affords  is  not  due  to  Fat  soluble  A. 
In  the  mean  time  nopkins  had  shown  that  Fat  soluble  A  is  readily 
destroyed  by  oxidation.  Following  this  lead  MoCollvtm  and  his  co-workers 
oxydized  cod  livec  oil  for  from  t//elve  to  twenty  hours  at  100  C.  by  blow- 
ing air  though  it.  Cod  liver  oil  so  treated  los  s  its  curative  power  for  xero- 
optlialmia.  On  the  other  hand  it  was  just  as  effective  in  curing  rickets 
produced  in  rats  as  the  untreated  oil.  Thus  they  demonstrated  quite  completely 
that  the  anti  rac'itic  effect  of  cod  liver  oil  was  not  due  to  its  content 
of  fat  soluble  A,  but  that  it  vms  due  to  some  other  factor  which  the  oil 


contained.  From  its  "lodo  of  action  and  the  very  small  amounts  of  it  which  v/ere 
i-oquired  to  exent  its  directive  influence  on  metabolism,  they  concluded  that 
it  must  be  classed  v.'ith  the  group  of  essential  nutritive  nrinciples. 

Tlie  above  briefly  summarizes  the  growth  our  knowledge  about  the  effect  of 
of  cod  liver  oil  and  butter  fat  on  the  metabolism  of  calcium  and  phosphorous. 
It  was  mostly  obtained  from  growth  experiments  on  short  lived  animals,  histo- 
logical examinations  were  carried  out  only  for  verification  of  diagnosis, 
.ov/ever  these  exa-  inations  have  opened  up  ne\:   lines  of  tliought  and  future 
progress  seens  to  be  closely  linked  with  this  line  of  procedure. 


■rHE  KYPOTHliGlS. 


4 


•^l 


uTOV/th  in  the  lenf'tn  •■f    cue  ion(  uoneti  tuices  place  i^t    the 
junction  of  the  shaft  ana  the  head,  .'he  head  is  composed  of  carti- 
lage cells  which  anance  themselves  in  columns  parallel  to  tti'^  lonj; 
axis  of  thp  bone  anu  is  called  the  oroliferative  cartilage.  :t  is  here 
tiiat  the  lime  salts  are  denosited  formint;"The  nrovisional  zone  of 
calcification".  This  jiinction  of  the  shaft  '.Ith  th<»  cartilage  forms 
a  straigtit  line,  in  the  raciiitic  bone  it  is  irrejular  aue  to  the  fact 
thac  this  provisional  zon=;  of  calcification  is  lacicing.  -his  condit- 
ion allows  cartilage  to  persist  where  it  shoula  be  uestroj/ed,  ana  the 
cartilage, itself ,  is  invaded  by  large  tufts  of  blood  vessels  from  the 
shaft  v/'dch  irregualarlj'  dostroy  it.  Osteoid  tissue  is  not  calcified, 
accumulates  at  noints  of  stress  ana  strain. 

In  the  rachitic  animal  the  deposition  of  lime  salts  and  the 
provisional  zone  of  calcif ic?ition  reaooear  upon  the  addition  of  coa 
liver  oil  to  the  diet,  and  the  onl-y  change  found  in  the  blooa  serum 
is  an  increased  amount  of  phosohorous,  the  calcium  remaining  the  same. 

Cince  tnis  deposition  of  calcium  takes  place  with  out  anf; 
increase  of  the  calcium  in  the  aiet,  tne  ori*  in  of  It  remains  *^e-  a 
source  of  conjecture.  Doctor  :'.cCclluin  hai:  noted  for  a  Ion*-,  time,  tnat 
in  growing  rats,  tr e  shaft  of  the  long  bones  oresents  an  osteooorotic 
condition  aft-^r  treatment  with  cod  liver  oil.  it  vas  assumed  that  the 
oil  exerted  an  osteoclastic  action  uoon  t>.e  shaft  of  tne  long  bones 
settin.  free  the  calcium  salts  V' ich  are  needed  at  the  epiwses.  This 
would  explain  th-  porosity  of  th*-  shaft  of  the  long  bones.  If  this  was 
so  it  v/a^  thought  thiat  the  am.iunt  of  calcium  excreted  v/oula  be  increased 
upon  the  addition  of  cod  liver  oil  to  the  diet. 

-'he  following  experiment  was  arranged  ^.o  test  tie  hy notliesis. 


THc;  EX'^JiHl^lJiK'J 


?he  experimont  wr-.s  diviJ='d  into   four  nerious  of   two  v/eelcs  oach. 

'eriod  f'ue. 

Two  -eeKS  on  basal    -.ipt.(    Thre     diets,    chancing  each  day  by  day.) 
Caloi'om  and    ohosphorous  determinations  for   the   period. 


Period  "fr^vo. 

Two  weeks  on  basal  diet  suooleT^entea  vi  t;i  nutter  f- 
GalcixLT.  and  nhosohorous  excretions  for  the  period. 


Period  'iiree. 

Jwo  v.-ee^iE  on  basal  diet  alone. 

Calcium  ana  hosphorous  excretions  for  the  eriod. 

Perioa  Four. 

?v/o  weeks  on    the  basal   aiet   suTD-'le'nented  vith  cod   xiver  oil, 
Clacium  anu    nhosohorous   excretions   for   *he    oeriod. 

Perioa  Five. 

:?v.o  v/ee^s   on  basal   aiet   to   see   if  hviy  v.jui-    „.i';"    ^-.iciura. 


r-!^j  ii:i?jsjre  OF  c^\lciul:  axd  phos-tiorou?:;, 


BRKAKFnSTS 


Orange  for  vitamin 

Bacon  or  iiani 

Crear.  of  vfheat  with  raisins, eaten  with  s.p-up 

Crackers 

Coffee.  Black  if  po8sible,or  a  little  hebe  in  it. 


CD 

Chicken  soup 

Crackers 

Canned  baked  beans 

Pickies 

Apple  sauce 


(2) 

Soup 

Canned 

Cracker 

peas 

•3 

Pine  £t 

pie  1 

sauce 

(3) 

Corn  cooked  with  bacon 

Peas 

Crackers 

Bakied  apple  v/ith  raisins, no 


(1) 

Broiled  lean  steak 

Baked  potato 

Pickles 

Crackers 

Apple  pie  or  baked  apple, 


DINNERS. 


(2) 


(3) 


Cold  tongue  or  ham         Beef  balls  without  fat 

Froed  potatoes  in  bacon  fat  Bacon  fat  cooked  in  water 

Crakkers  Baked  potatoes 

Pickles  Corn 

Pine  apple  sauce  Pear  sauce 


If  apples,  pineapples  and  pears  become  tiresome  by  themselves, they  could 
be  put  together  and  served  as  a  salad. Let  the  juiise  of  the  pineapple  serve  as  the 
dressing. 

Cold  boiled  potatoes  and  cold  peis  can  be  combined  and  seasoned  with 
French  dressing  and  served  as  salad. 


Yfeigh  and  tabulate  the  amount  of  everything  eaten  per  day. 


•  Diets  jlannea  by  ?'.iss  'immons, 
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FOODS   TO   BE  HiJED   T  .;■■  ! ,  r    in:    .,r,.:   nr   t::. 

Canned  corn 

Canned  peas 

Canned  baked  beans 

Clear  beef  steak 

Tongue 

Craok-rs 

'..arnialade 

Banned  chicken  soup 

apples 

Small  orange 

Potato  -  plained  boiled,  baked, 9r  fried  in  bacon  fat. 

Canned  pears  or  pine  apple  and  apple  sauce  for  dessert, 

Apple  pie 

Pickles  and  olives 

Cream  of  wheat  with  raisins  or  dates 

Coffee  uut  no  creair. 

Oatmeal  or  cereals  cooked  in  vmter 

Bacon  or  hain 

Baked  apples 

Catsup  -  sniall  aiuount. 

Can  have  sugar-  hard  candies,  but  no  choclate,  butter  creais,  or  vanilla  cresu  s. 
No  Hersey  Choclate. 


l<rea.-.fast   t'lnmut    Ir.'^  •ntlr»    iV2rif.>a  conaist-a.  of     about  six     liiuchine 
slicea        ieces  of  bacon,    one  orante,   aim    four  or  t'  ve  stiltines.  Lunches 
thruout   tli°   entire   poriod  consisted  of  one  can  of  chjcicen  soun  and  about 
one  dozen   faltines.    ""'is   leaves  only    ^-he  evening  T.eal    lequitinf,     a  detailed 
desnription. 

"orird  of  Basal  'Met. 


rirst  ary 
1  ladel   of  honiny  trits 
4  slices  bacon 
1   slice   ton  ue 
b  crax 


second 
2  pot;:  toes 
2   slices    ton[;ue 
6   E-1 tines 


tvird 
6   slices  ba-jon 
2  slices   tonf:ue 
lA  can  com 
1  apple 


fourth 
steak  ^ 
5   potatoes 
1   ladel  horainy 


seventh 

3  slices  ha.u  ^ 
1  ladel  peas 

4  potatoes 
;   orange 


fifth 
1   pc .  har.i  -J-^ 
1  ladel   corn 
'5  potatoes 


ei^ht 
hani  l-^ 
4  crax 
6   stuffea  olives 


sixth 
G   slices  bacon 

5  potatoes 

1   ladel   peas 

1   C£n  chicken  soun 

ndnth 

6  slices  bacon 
1  ladel  corn 

1  ladel  enc 
4  potatoes 

2  si  ices  a  nle  oie 


tenth 
Ham  }i* 
1  aldel  oeas 
3   potatoes 
1  lad  1   of  corn 
1  bakea  aonle 


eleventh 
3  beeJC  croquets 
3  bakea   ootutoes 
2  boiled     " 


tv.elfth 
ha::^# 
1  aldel   rice 
4  ootatoes 


thirteenth 
steak  t.# 
3   [XJtatoes 
1  ladel    ■tea.s 
1  bakea  aonle 


fourteenth 

1  caii  soup 

2  ladels  of  corn 

3  slices  bacon 


Period  cf  basal  diet  plus  b\it'«>  f-  t. 


first 

4  slices   tont,\ie 
1   ladel   corn 
7.    slices   tisicon 
6   crax 

fourth 

1  DC  steak  -gif 
k;  ladels  of  cum 
6  ci-ax 


seventh 
ham  -^f 
'6    oJt;-toes 
1  ladel  peas 

tenth 
Dteak  ^ 
3   00 tt  toes 
G  crpx 

1  aople 


ham  V  # 

1  ladel   rice 

1  ladel   r>eas 

2  potatoes 


second 

third 

2  slices  bacon 

2  baked   ootatoea 

1   lu  .el  corn 

ttarn  }f 

1    pc  apple    nie 

£  baked  apples 

fiftli 

sixth 

1  pc   stealc  i" 

roast  beef   ';# 

3   potatoes 

ham       l/e  i 

1   ladel   of  pe-  s 

3    not;- toes 

eif.hth 

ninth 

ham  l^ 

ham  4.# 

3   potatoes 

1   laael  peas 

1   lausl    oeas 

6  sal  tines 

eleventh 

tvelfth 

ham  i--^ 

ham  s  ^ 

3  potatoes 

3   potatoes 

1   ladel  com 

1   ladel   peas 

"        p  as 

1  aople 

butter  eaten  l-;j 

ham  ^  J^ 

3  potatoes 

1  laael  corn 

-r, 


1 

•*ii 


isal  uiet  alone. 


First 
fried  ham  -^  # 
6  poatato-^s 

1  ladel  corn 

2  pieces  anoie  Di( 


second 
steak  i 

6  al  ices  bacon 
Z   ladels  corn 
6  potatoes 
C  pr4n«»s 
1  aoole 


t    iTQ 

1   can  soup 

ham  \   ^ 
1  laael    o^rs 
6  XJOtatooB 
L:  T)cs  apple    oje 
orunes 


fourth 
-am  £  4 

1  ladel  peas 

2  laael s  corn 
6     otatoes 

E  ba  ed  anoles 


fifth 
ham  -r.  * 
8  pot-  toes 

1  ladel  corn 
pickles 

2  pes  haru  candy 
1  pc  apple  pel 


sixth 

1  can  soup 
ha.:  -l  i'- 

2  slices  oie 

2  !r.er.  cherries 
1  pear 


sever.th 
steak  -];   9 
fried  notatoes 
6  potatoes 
1  ladol   com 
1   ladel   peas 
1  aople 
1  orange 


eifchth 
har.!  -l  /^ 
C    ootatoes 
6  prunes 
6  olives 

1  laael   peas 

2  appples 


ninth 

beef  ^  # 

1  ladel   corn 
6   pnines 

■i  olives 
6  potr  ttoes 

2  pes  apole    .oie 


tenth 

h&m.     steak  -^ 
fried   potatoes 
6   potatoes 

1  la..el   corn 
;   ora.iit,e 

2  pieces  aople   ;)ie 

Thirteenth 

-  teak  -l^^ 

ha;n4-  # 

potctoe   cnips 

6   TX)tatoes 

1  ladel    oeas 

1  a  Dole 

1     lice   pine  aople 

3  cherries 
1    near 


eleventh 
beef  roasi,  -^  # 
1  ladel  hoioiny 

1  laael    peas 
6   olives 

6  iDrunes 

2  baked  aoples 


teelfth 
steak  -^^  1^ 
1     lauel  com 
6   potatoes 
5    orunes 

1  laael   per  s 

2  baked  aonles 
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Basal  diet  ana  cod  liv  r  oil, 


first 
beff  I 
6   potatoes 
1  ladel  peas 
6  prunes 
1  ladel  corn 
6  olives 
k,   a<:ples 


second 
baoon  6  slices 
i;  ladels  corn 
6  pots  toes 
li   appples 


third 
stealc  ';-  « 
2  ladels  com 
1  laael  neas 
6  olives 
C  prunes 
i  potatoes 
i:   liee^e  apples 


fourth 

ham  -J- 

1  ladel  com 

6  oOta  as 

1  oraiit,e 

1  piece  aonle  pie 


fifth 
beof  croquets  6 
potatoes  4 
1  laael  peas 
c   a  00  les 


sixth 
steaK  -J-  # 
pot.-.Ooes  4 
1  ladel  corn 
6  oljves 
6   prunes 
'd   aT)T)leB 


seventh 
beef  -i   i 
5  potatoes 
1  ladel  corn 
1  ladel  oeas 
1  orange 


eif hth 

ham  g  " 
6  ootatoes 
1  laael  leas 
2.  pieces  apole  pie 


n:nx,h 

ste-jic  ^  '■! 
5   txjtvtoes 
1  ladel   com 
6   olives 
6   pi-unes 
'd  apples 


tenth 

ham  -g    ? 

6  Twatatoes 

1  laviel   peas 

2  pes  ar)r)le  pie 


eleventh 
beef  -l   « 
potuoes  6 

1  ladel  corn 
6  lives 

6  prunes 

2  oranjres 


twelfth 
ham  i  « 
potatoes  5 
1   ladel  com 
1   ladel   peas 
2   pes  anple   oie. 
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T.n  OUTPUT  OF  QjLCim:  AND  PHf; 


i 


CALcn.'::. 

USIIIAHY. 

.'.aie    tt.e   urine  neutral   or   slightly  :  ciu   nna   Jilter. 

Take  2('0  cc  of   tiie   filtered  urine.   Add  10  cc  of  L.b     '  oxalic  acid. 

Ctur  abd  run  in  slov.ly   3  cc  of  20       sodiu:;i  acetate.   >'ha.ice   vifeorius 

ly   10  minutes.    Filter  and  wash   free   from  chloriues   vl tii    .5  j  aramon- 

iur.i  oxalate   solution,     'lie   filter   '-japer  an.*   precipitate  are   then  'burned  i 

uried   to  constant  v/eij^ht. 

KKCAl.    jgnite   the  veithed  nmounc   of  dried  feces   in  u  crucible   to 
a  v.hite  ri3h.  Dissolve  vnth  hydrochloric  acid,  "ake   tne  volu-e  un   '.o 
75-150  cc.    Turt  acidify   to  lit.T.us  and  add  10  drops  of  concontr   t--"  i     CI, 
Add  10   cc  Sf  2.5       oralic  acid.   Close  v/itl'  a   ruhher  ato  -  -..ce 

ten  minutes.  Add  excess  of  3  ,',  a.:-...ioniu.:;  oxalate.  Add  16  cc  of  a  20  ,1 
sosiiu:..  acetat-?   solution. '^toooor  :.n  .    sL^ke  10  ininntss.   Filter  and  bum 
to   constant  vei   ht. 

P"cr.P!Tc?ou? 

"^lace  10  cc  of  urine  or  an  oraount  of  f'sces  enu-1    to  20  .::;  s     f 

^  0     into  a  '■'jeldahl   flask.  Add  10      ■  ^rts  of 

'^  5 
nitric  fmd  suln^.uric  acids,  "eat  slo-  l      i;  ti  i    -<>L.'ti  v.   -i"-  rs  and  con- 
tinue  tAe  aigestiou  ror   10   -  l.o  minutes;,    "ool   ^,n^  neutr:.liz-   v-lth  .'^.:.onla. 
acidify  '. i  th  nitric. Aud  15  tra-us  of  a:.injoniuni  nitrate,  .''eat  on  water  bath 
10   -15  minutes  v/itn   stirring  ana     et   stana  at    tnia    temoe.-  tui>3   t-"er( 60-659) 

Filter   through  an  asbestos  lined   tooah  crucible,  V;ai;h   optate  with  1,  U.'O 

3 

Dissol/e  with  a:.inioniura  ani  h   t  '.  ater  to  a  vol.    of  not  more   thAn  100  cc. 

eutralize  vlth  FCl,"ptat9  sl'wly  with  10  cc  of  '.Ik  mixture ,After  15    .ins. 
aud  12  cc  anraonium.3tana  k  hrs.   FiUflr  an^.  wash  free  of  clorld«s.]Bil  te 
to  whiteness  ana  wei^h  a     Mg  -Tj-ro phosphate. 


a 


J'lJKKiJ    U)    il-'Chiili'lUi:.   u;''  'JivLClUJ.1  Al'il     "liDo'li'  .'UU'"  Li.    £i«' /tL    ■■}■.:':   AJ.OMi. 

IKJilKVAL  •    CALCIUM  O^'IDE  MAGKEJIU  '   -^YHOPHOoVHATIi 

UhlKli     FECAL        TOTAL  UKlIii)  filC/i.  TOTAL. 


2  day* 

.50 

.55 

1.05 

5.77 

1.38 

7.15 

2     days 

.40 

.80 

1.20 

4.1V 

1.^7 

6.11 

2     aays 

.46 

.36 

.84 

5.60 

.Jl 

6.50 

•^  days 

i?5 

.50 

.85 

3.85 

1.L6 

5.11 

2  days 

.3^ 

.66 

1.05 

4.32 

2.22 

6.40 

2  days 

.36 

.57 

.^15 

4.60 

1.60 

6.20 

2  days 

.35 

.65 

1.00 

5.81 

2.37 

e.io 

14  days 
per  day 

2.83 
.50 

6  .y4 

45.67 
3.2 

PiiElOD    (2)    ii^fCKETlOK  OF  GALCIU:,!  Alfj  '^CSTIOhOUJ  UK   BaJAL  LI;:T  PLUS  BUTT3R. 


IKTiiiVAL 

GALCIULI  OXILE 

MAGlffiSlUi:  Pra0PH0ST>HATE 

URli:;i 

racAL 

Tor.-L 

.Hiira 

FilCAL 

TOTAL 

2  d£.ys 

.16 

.33 

.70 

4. CO 

1.00 

5.60 

2  days 

."6 

.52 

1.31 

4.73 

1.00 

5.73 

2  days 

33^ 

.2" 

.66 

5.00 

.39 

5.39 

2  aaye 

.46 

.87 

1.34 

5.25 

1.62 

6.87 

2  days 

.'.-I 

."6 

1.17 

t.iJ5 

1.30 

6.25 

2  a£5r£ 

.-io 

110. 

1.50 

4.00 

1.00 

5.00 

12  aayc 

2.68 

6.66 

34. ei 

per  day 

.2i 

.56 

2.9 

-si. 


PZhlOD    (3)    JIICRKTlOi.   Vv-  CAa-CiUI-.  ,d.D   raOtniOhOUJ  Oi;   bASAL   DliJT  ALOKL. 
interval  urinary  fecal  totul  urinary  focul  total 


4  days  .75 

4  days  .92 

2   dajTg ^ 

10  dajs  2.1? 

per  day  .21 


PiiKICD    (4)    !i:'GIu:TION  OF  CALCl  il  ..-..uD  Oil   BAoAL   DI'^iT  5-  COD   Lir^H  OIL. 


2.51 

3.27 

12.5 

2.8 

15.3 

1.7f-^ 

2.68 

12.9 

3.0 

16.0 

1.80 

2.25 

4. IS 

.'^01 

7.2 

8.2U 

38.5 

.82 

3.85 

2    cUkjrs 

.378 

2.52 

2.70 

5.1 

3.0 

8.4 

2  iays 

.480 

1.06 

1.54 

4.77 

1.?.8 

6.45 

4  <iws 

.54 

l.Gl 

2.25 

9.00 

2.6 

11.60 

4  days 

.61 

1.06 

2.67 

10.60 

2.4 

13.00 

12  d^s 

2.10 

9.17 

39.4 

per   day 

.17 

•  76 

5.3 

AYerat,e  daily  7.-Qi£jit  of  drif^d  feces  auring;- 

1st   interval  2   nd   ooriod  3  rd   ]:)eriod  4   th   oeriod 

1?>  rrams  11,2   £'rams  115. 6  crams  12.5  t'rrras. 


JiScu:;s!  oil. 

-')i9  ay-viL.'i'Sis  .'1  JOG  ^ur   cOoiiUi.i  Ui;;.   cuu  .iV'iv   uji  'jXrarLj  -j.  w.. -'.ju- 
clastic  action  pon  Uie  shaft  of  the  {.rowini,  long  bone  arose  from  ♦he  his 
SLudy  upon  the  Iilstolocy  of  tne  racr.itio  rat  bones,  ere  he  alwa^/s  n>tod  that 
in  ra'.s  iciiled.  after  »  living  on  a  diet  supple:;ientea  vith  cod  llvor  oil,  the 
shaft  cf  the  lon^;  bones  sJioved  a  oeculiar  condition  of  porosity. 

In  ilanniny  t]U3  exp'^ri  lent  to  t,est  the  hyoothesis  tnat  coa  iiver  oil 
exsrts  .ir.  osteo  elastic  action  we  expected  to  find  that  the  exfretion  of 
calciu:T  woula  be  about  t^o  srme  on  both  thp  basic  aiet  ana  on  the  basic  Jiet 
suD'lemented  vith  butter  fat.  V hen, hove /er,  the  basic  liet  vias   suo-^leMented 
v.ithco  '  liver  oil  a  noticeable  incre-se  was  expeclea.  H  was  thou^rht  that  this 
increase  of  calcium  excretion  vould  serve  as  chain  evidence  that  calcium  had 
coae  from  the  shaft  of  the  lonf;  bones. 

The  results  Lt   hand  sliov;  such  s::;i;ll  variations  that  one  is  hardly 
justified  ir^  dr.av/in:;  conclusions,  'ost  assuredly  v/e  failed  to  obtain  the  exnect 
ed  increase. 

'he  excretion  of  calcium  or  the  butt'^r  f ■  t,  net  L^oweu  a   aiisr.t 
increase  over  the  excretion  of  calciuin  on  tiie  siranle  basal  diet.  Tuis  incre^.se 
wfs  prese;.t   in  botii  the  fecal  ana  urinarj'  output. 

in  tr.e  fol  ov.int:  neriods  tne  a-:aount  of  food  e^ten  v.-^s  increased 
to  nrevent  fart,  er  loss  of  v.ei^jht.  .V.is  is  brought  out  quite  plainly  by  ;. 
comparison  of  the  diets  in  tne  orecedinjs  pa;es.  'i^e   anount  nf  c  Iciun  ex-^r-^r-ea 
in  tue  two  s^cceedinf  oeriods  is  therefnre  tfreater  than  in  the  tvo  oreceding 
periods, 

Comparinf  t^*^  )erio<J  in  vnich  the  basal  ir-t  alone  '.ms  eaten  vith 

the  reriod  in  V/hich  th(i-^»vi9d.-in — whiaU  •^od  liver  oil  was  added  to  the  br.sal 
liet  it  v'ill  be  seon  that  t-.e  caloi'am  excreti  n  not  only  uid  not  show  a  lar.  e 
.ncrease  with  cod  liver  oil, but  ti.at  it  actually  snov/ed  a  slight  decrease. 


.^ 


This  unexTjected  finding  is  mora   or  less  in  aereeinent  with  that  of  (SDH. 
Sjollema  who  after  aduunlsterlnt  cod  liver  oil  to  rabbits  found  that  there 

a 

vasy^teridency  04  t/ie  [lart  of  the   ortianism  to  hold  bacK  its  calcium,  no  matter 
v.hether  the  fooa  '..as  rich  or  noor  in  caicium.  'here  was  a  aimunition  in  both 
renal  ana  intestinal  calci-aa  excretion.  '  itli  a  uiet  rich  in  calcium  the 
quanity  of  feces  a  u  well  as  tieir  calci;:in  content  aecreases  if  ood  liver  oil 
is  tiven. 

In  carr^^inf  out  our  exoeriment  no  atterap  was  made  to  rejrulate  the 
amount  of  exposure  to  sunlight,  ."his  in  recent  yeiirs  has  been  found  vory  inoort- 
ant  in  the  regulation  of  calcium  raetabolisia  in  animals  suffering  vith  rickets. 
Recently  Doctor  Clarite  has  shov-n  that  radiation  a  fects  the  a:-iount  or  the 
combinations  of  lialyzabie  calcium  in  serum.  This  orobably  has  a  direct  relation 
to  the  therapeutic  effect  of  sunlight  in  calcium  raetatolism.  ]f  the  experiment 
should  be  repeated  it  vculd  seem  advisable  to  ^ontrol  the  a.Tiount  of  exposure  to 
sunlight  as  well  as  other  factors. 

There  is  another  point  to  be  considered  in  this  experiment.  I'early  all 
the  experi'.ents  so  far  have  been  carried  out  on  young  ^-rovdng  animals  whose 
long  bones  vere  still  in  the  process  of  [^.rovth.  In  this  experiment  the  results 
vere  obtained  from  an  adult  in  whom  the  length  of  the  long  bones  haa  ceasea  to 
increas-^,  i.e.  the  juncture  of  tne  head  ana  shaft  ha.,  calcified.  It  could  easily 
be  conceived  that  the  effect  of  cod  liver  oil  unon  the  deposition  of  calcium  at 
the  juncture  of  shaft  and  heaa  woula  be  quite  different  in  the  full  grov.Ta  bone 
tlian  in  the  growing  uone  where  there  is  constant  neea  of  ca  cium. 
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